Abstract: North and South American white-tailed deer are deemed to be a single species, Odocoileus virginianus. We used principal components and cluster analyses to compare crania and mandibles of Venezuelan and North American forms. We found that (1) Venezuelan and North American Odocoileus differ greatly from each other; (2) differentiation of groups within Venezuela exceeds that within North America; (3) the most divergent Venezuelan Odocoileus are those from Margarita Island and the Mérida Andean highlands; (4) the Margaritan Odocoileus does not differ in mandibular shape from its lowland congeners, but differs appreciably from other Venezuelan Odocoileus in having smaller mandibles and in cranial-mandibular characters; (5) the Mérida Andean Odocoileus contrasts markedly with other Venezuelan congeners in mandibular shape and cranial characters; (6) the remaining Venezuelan Odocoileus constitute a single group; (7) Résumé : Les Cerfs de Virginie nord-américains et sud-américains sont considérés comme appartenant à la même espèce, Odocoileus virginianus. Nous avons procédé à une analyse des composantes principales et à une analyse des groupements pour comparer le crâne et la mandibule chez la forme vénézuélienne et la forme nord-américaine. Nous avons constaté (1) que les Odocoileus du Venezuela et de l'Amérique du Nord sont très différents, (2) que la variation au sein de la population vénézuélienne excède celle qui prévaut chez les cerfs d'Amérique du Nord, (3) qu'au Venezuela, la divergence est maximale entre les cerfs de l'île Margarita et ceux de la cordillère de Mérida, (4) que les cerfs de Margarita ont la même forme mandibulaire que les cerfs des terres basses, mais diffèrent fortement des autres Odocoileus vénézuéliens par leurs mandibules plus petites et par des caractéristiques crânio-mandibulaires, (5) que les cerfs de Mérida diffèrent fortement de leurs autres congénères vénézuéliens par la forme de leur mandibule et par des caractères crâniens, (6) que les autres Odocoileus vénézuéliens constituent un seul groupe et (7) 
Introduction
The white-tailed deer, Odocoileus virginianus, has a geographically and ecologically extensive distribution: it inhabits a large part of Canada and the United States, Mexico, Central America, South America north of the Amazon River, Ecuador, Perú, and northwestern Bolivia (Baker 1984; Brokx 1984; Smith 1991) . Hershkovitz (1972) suggested that this species originated in Central America, subsequently dispersing to North America, and to South America after the rise of the Panama Isthmus about 3 million years ago. During its evolution, O. virginianus has diverged into as many as 38 geographic races (Smith 1991) .
The most recent taxonomic arrangement of the Odocoileus from South America and adjacent islands (Brokx 1984; Smith 1991) , derived from Cabrera (1961) , recognizes eight subspecies. However, there is almost no information on the diagnostic characters of these subspecies, and disagreement as to their exact distribution. A synthesis of the nomenclature and distribution of each subspecies follows.
(1) Odocoileus virginianus cariacou (Boddaert, 1784) : Brazil, from the northeast to the mouth of the Amazon River, from there, all of the northern basin of the Amazon to the low Rio Negro; French Guiana (Cabrera 1961; Brokx 1984) . Smith (1991) restricted the distribution to the north of the Amazon River and the east of Guyana. Synonyms (Méndez-Arocha 1955; Cabrera 1961; Smith 1991) : sylvaticus (Kerr, 1792); campestris (Cuvier, 1817) ; spinosus (Gay and Gervais, 1846) .
(2) O. v. gymnotis (Wiegmann, 1833): Surinam; Guyana; Venezuela, savanna regions; Colombia, the eastern Llanos (Cabrera 1961) . According to Brokx (1984) : Surinam; Guyana; Brazil, north of the Rio Negro; Venezuela, including the states of Amazonas and Bolívar, and the Llanos to the north of the Orinoco and Apure rivers. According to Smith (1991) : Surinam; Guyana; Brazil, north of the Rio Negro; Venezuela, part of the western Llanos and the whole of the eastern Llanos, the state of Bolívar, the eastern half of the state of Amazonas. Synonyms (Cabrera 1961; Smith 1991) : savannarum (Cabanis, 1848); wiegmanni (Fitzinger, 1879) ; tumatumari (J.A. Allen, 1915) .
(3) O. v. goudotii (Gay and Gervais, 1846) : Venezuela, Mérida Andean highlands; Colombia, Andean highlands in all cordilleras (Cabrera 1961) . The distribution according to Smith (1991) is remarkably different: Brazil, northern basin of the state of Amazonas to west of the Rio Negro; Venezuela, western and central regions of the country, including the Caribbean coastal fringe, Andes, Llanos to the north and south of the Apure River, the western half of the state of Amazonas; Colombia, the whole country except the Pacific region; Ecuador, Amazonian region; Perú, the northern Amazonian region. Brokx (1984) used "O. v. apurensis," a nomen nudum, for the Odocoileus found south of the Apure River (Venezuela) and in the eastern Llanos of Colombia, which, according to Smith (1991) , would be goudotii. Synonyms (Cabrera 1961; Smith 1991) : columbicus (Fitzinger, 1879) ; lasiotis Osgood, 1914. (4) O. v. margaritae Osgood, 1910 : Venezuela, Margarita Island (Cabrera 1961; Brokx 1984; Smith 1991) . Synonyms: None.
(5) O. v. curassavicus Hummelinck, 1940 : Netherlands Antilles, island of Curaçao (Cabrera 1961; Brokx 1984; Smith 1991) . Husson (1960) speculated that the description might be based on an introduced mainland specimen. However, this deer is small (Brokx 1984) , which suggests that it is a truly insular form. Synonyms: None.
(6) O. v. tropicalis Cabrera, 1918 : Colombia and Ecuador, Pacific region (Cabrera 1961; Brokx 1984; Smith 1991) . Tate (1939) considered this subspecies to be closely related to the Panamanian white-tailed deer. Synonyms: None.
(7) O. v. ustus Trouessart, 1910 : Ecuador, Andean region; Colombia, possibly the southern end of the Andes (Cabrera 1961; Brokx 1984; Smith 1991) . Synonyms (Cabrera 1961; Smith 1991 ): consul Lönnberg, 1922 abeli (Spillmann, 1931) ; aequatorialis (Spillmann, 1931) .
(8) O. v. peruvianus (Gray, 1874) : Perú, the whole country excluding the Amazonian region; Bolivia, the northwest of the country (Brokx 1984; Smith 1991) . Cabrera 1961 questioned its presence in Bolivia. Synonyms (Cabrera 1961; Brokx 1984; Smith 1991) : brachyceros (Philippi, 1894) .
The notion that South American Odocoileus are only subspecies of O. virginianus originated in Lydekker's (1915) "Catalogue of the Ungulate Mammals in the British Museum (Natural History)," and was formalized by Hershkovitz (1948) and Cabrera (1961) . In doing so, Cabrera (1961) contradicted his lifelong taxonomic opinion. He had thought that there were notable differences in characters between North and South American Odocoileus (Cabrera 1918) . He had recognized three South American species of Odocoileus (suacuapara = cariacou, columbicus, peruvianus), and had even suggested the existence of a fourth (Cabrera and Yepes 1960) . Cabrera (1961) The view of Méndez-Arocha (1955) concerning the absence of a metatarsal gland in South American Odocoileus was supported by Hershkovitz (1958) , Brokx (1972) , and Baker (1984) , who noted that populations from Canada and the United States are the only ones with a well-developed gland (more than 4 cm in diameter, with a prominent tuft of circumglandular hair; Sauer 1984), whereas in populations from southern Mexico to South America, the gland is absent or poorly defined. For South American deer specifically, Brokx (1984) noted that a metatarsal gland appears to be always absent. We have found no evidence to the contrary in Venezuelan deer.
In summary, the current taxonomy of South American Odocoileus (Cabrera 1961) , which regards them as conspecific with North American O. virginianus, is based on the erroneous assumption of variability in the metatarsal gland in both North and South American Odocoileus, when in fact this gland appears to be always present in the former and always absent in the latter. Recognizing that excessive taxonomic importance has been given to this external peculiarity at the expense of potentially more adequate characters, our objective is to investigate the taxonomic status of Venezuelan Odocoileus through an evaluation of cranial-mandibular traits of specimens available in Venezuelan mammal collections. It is hoped that our findings will contribute to clarifying the taxonomic relationships of South American Odocoileus, and ultimately justify more effective conservation measures for some endangered forms.
Institutions, specimens, and methods
We examined 140 adult specimens of Odocoileus, most of them deposited in three Venezuelan institutions: Museo de la Estación Biológica Rancho Grande (Maracay, state of Aragua; EBRG); Museo de Historia Natural La Salle (Caracas, Distrito Federal; MHNLS); Colección de Vertebrados de la Universidad de Los Andes (Mérida; CVULA and JMA). Specimens came from 14 states: Apure (EBRG 872, 873, 874, 1201 (EBRG 872, 873, 874, , 1202 (EBRG 872, 873, 874, , 1204 (EBRG 872, 873, 874, , 1205 (EBRG 872, 873, 874, , 1206 (EBRG 872, 873, 874, , 1210 (EBRG 872, 873, 874, , 1211 (EBRG 872, 873, 874, , 1212 (EBRG 872, 873, 874, , 1213 (EBRG 872, 873, 874, , 1215 (EBRG 872, 873, 874, , 1222 (EBRG 872, 873, 874, , 1224 (EBRG 872, 873, 874, , 1225 (EBRG 872, 873, 874, , 1252 (EBRG 872, 873, 874, , 1253 (EBRG 872, 873, 874, , 1715 (EBRG 872, 873, 874, , 1880 (EBRG 872, 873, 874, , 1883 (EBRG 872, 873, 874, , 1884 (EBRG 872, 873, 874, , 1885 (EBRG 872, 873, 874, , 2378 MHNLS 1655, 3935, 6679) ; Aragua (EBRG 850); Barinas (EBRG 1882; CVULA I-403, I-404, I-408, I-409, I-4011); Bolívar (EBRG 282, 283, 284, 286, 287, 288, 471, 472, 474, 475, 478, 830, 833, 834, 835, 836, 838, 840, 841, 870, 1217 (EBRG 282, 283, 284, 286, 287, 288, 471, 472, 474, 475, 478, 830, 833, 834, 835, 836, 838, 840, 841, 870, , 1220 (EBRG 282, 283, 284, 286, 287, 288, 471, 472, 474, 475, 478, 830, 833, 834, 835, 836, 838, 840, 841, 870, , 1226 (EBRG 282, 283, 284, 286, 287, 288, 471, 472, 474, 475, 478, 830, 833, 834, 835, 836, 838, 840, 841, 870, , 1227 (EBRG 282, 283, 284, 286, 287, 288, 471, 472, 474, 475, 478, 830, 833, 834, 835, 836, 838, 840, 841, 870, , 1229 Carabobo (EBRG 730, 772, 825, 856) ; Cojedes (EBRG 271, 272, 293, 562, 620, 621, 623, 624, 710, 831, 867, 1207 (EBRG 271, 272, 293, 562, 620, 621, 623, 624, 710, 831, 867, , 1566 (EBRG 271, 272, 293, 562, 620, 621, 623, 624, 710, 831, 867, , 1645 (EBRG 271, 272, 293, 562, 620, 621, 623, 624, 710, 831, 867, , 1713 Falcón (EBRG 2293 , 2294 , 2295 , 2297 , 2393 , 2394 ; Guárico (EBRG 559, 560, 561, 611, 625, 818, 819, 820, 823, 824, 828, 845, 847, 848, 852, 853, 859, 860, 861, 862, 864, 1119 (EBRG 559, 560, 561, 611, 625, 818, 819, 820, 823, 824, 828, 845, 847, 848, 852, 853, 859, 860, 861, 862, 864, , 1208 (EBRG 559, 560, 561, 611, 625, 818, 819, 820, 823, 824, 828, 845, 847, 848, 852, 853, 859, 860, 861, 862, 864, , 1209 (EBRG 559, 560, 561, 611, 625, 818, 819, 820, 823, 824, 828, 845, 847, 848, 852, 853, 859, 860, 861, 862, 864, , 1238 (EBRG 559, 560, 561, 611, 625, 818, 819, 820, 823, 824, 828, 845, 847, 848, 852, 853, 859, 860, 861, 862, 864, , 1240 (EBRG 559, 560, 561, 611, 625, 818, 819, 820, 823, 824, 828, 845, 847, 848, 852, 853, 859, 860, 861, 862, 864, , 1241 (EBRG 559, 560, 561, 611, 625, 818, 819, 820, 823, 824, 828, 845, 847, 848, 852, 853, 859, 860, 861, 862, 864, , 1244 (EBRG 559, 560, 561, 611, 625, 818, 819, 820, 823, 824, 828, 845, 847, 848, 852, 853, 859, 860, 861, 862, 864, , 1248 ; Lara (JMA 888); Mérida (EBRG 22202, 22203, 22204, 22205, 22206, 22207, 22208, 22209, 22212, 22213) ; Monagas (EBRG 2219); Nueva Esparta (EBRG 18976, 22214, 22215, 22216, 22217; MHNLS 517, 518, 519, 6524) ; Portuguesa (EBRG 529, 530, 712, 1722); and Sucre (17734, 17735) .
All specimens from the state of Mérida are remains of animals predated by feral dogs in the region of Mucubají, Parque Nacional Sierra Nevada, at 3600 m elevation, whereas four of the specimens from the state of Nueva Esparta are remains of animals killed by poachers in the Macanao Peninsula. Two specimens from Mérida and two from Nueva Esparta consist only of antlers and part of the frontal and parietal bones. No usable specimens of Odocoileus from the important states of Amazonas and Zulia were available. For comparison, we include published information on discrete cranial-mandibular characters for several North American subspecies of O. virginianus (Rees 1969) .
A priori, we established the following allopatric groups ( Fig. 1): (1) Caribbean coast (states of Falcón and Sucre), xeric environments near the sea; (2) western Llanos (states of Aragua, Barinas, Carabobo, Cojedes, Lara, and Portuguesa), savanna and forest-savanna environments; (3) eastern Llanos (states of Anzoategui, Guárico, and Monagas), savanna and forest-savanna environments; (4) Bolívar (state of Bolívar), forest and savanna environments; (5) Mérida Andes (Andean highlands above 3000 m elevation in the state of Mérida), páramo environments; (6) Apure (state of Apure), savanna environments; and (7) Margarita Island (state of Nueva Esparta), xeric environments.
In evaluating discrete cranial-mandibular characters, we repeated procedures described by Rees (1969) . The 13 discrete cranial-mandibular characters used in our study and their binary states are as follows (see Rees 1969) : mylohyoid arch, (0) absent (incomplete) or (1) present (complete), either forming a suture or fully fused; posterior mental foramen, (0) absent or (1) present, either unique or multiple; hypoconulid spur (third lower molar), (0) absent or (1) present, either poorly or well developed; nasopremaxillary contact, (0) absent or (1) present; parietal foramen, (0) absent or (1) present, either unique or multiple; supraglenoid foramen, (0) absent or (1) present, either unique or multiple; postsquamosal foramen, (0) absent or (1) present, either unique or multiple; emissary sphenoidal foramen, (0) absent or (1) present, either unique or multiple; pterygopalatine dehiscence, (0) absent, i.e., fused, forming a suture, or simply in contact, or (1) present, i.e., no contact; zygomaticofacial foramen, (0) absent or (1) present, either unique or multiple; supraorbital bridge, (0) absent or (1) present; posterior palatine foramina, (0) absent or (1) present; and gabled nasion (sutural pattern of nasal and frontal bones), (0) absent (truncated) or (1) present (tapered).
We also measured the 14 continuous mandibular variables considered by Rees (1969) , to which we added intermandibular width (the distance separating the bottoms of the concavities of the hypoconulids of the left and right third molars). The resulting set of 15 mandibular variables used in our study are as follows (see Rees 1969) : diastema length, diastema height, diastema width, body width, body height, notch height, jaw length, P 2 width, P 3 width, P 4 width, M 1 width, M 2 width, M 3 width, cheek tooth row length, and intermandibular width. To measure these variables we used a digital caliper with an accuracy of 0.01 mm, with the exception of jaw length, which we measured using a graduated ruler with an accuracy of 1 mm. We took measurements from left mandibles, with the exception of cheek tooth row length, which was easier to take on right mandibles. We selected mandibles because (i) they are readily available in mammal collections and (ii) mandible size in cervids and other mammals is related to cranial dimensions, body mass, and other parameters of body size (e.g., Rees 1969 Rees , 1970 Rees , 1971a Rees , 1971b Lowe 1972; Roseberry and Klimstra 1975; Fuller et al. 1989; Nugent and Frampton 1994) .
We calculated the frequency of each discrete cranialmandibular character within our seven geographic groups following Rees (1969) , thus allowing comparison with data published for North American O. virginianus. We used the resulting frequency table to perform a cluster analysis including North American and Venezuelan Odocoileus. In this analysis we used Euclidean distance as the measure of distance among groups and average linkage as the agglomerating strategy (Sneath and Sokal 1973; Pielou 1984) .
In the case of continuous mandibular variables, we subdivided each of the seven geographic groups according to sex and age, as follows: (i) younger adult males, aged 1½-3 years; (ii) older adult males, aged more than 3 years; (iii) younger adult females, aged 1½-3 years; and (iv) older adult females, aged more than 3 years. In determining age, we followed Sauer's (1984) criteria for dental wear. We chose these age limits because we feel that Venezuelan Odocoileus have attained full body size when they are 1½ years of age, and that subsequent changes in skull size and shape, which are minor, have ceased in animals aged 3 years or more. In addition, these age groups allowed maximum use of the limited number of specimens available in Venezuelan collections. We subjected continuous mandibular data to principal components analysis (PCA) and cluster analysis. We substituted missing data (diastema length, height, and width and intermandibular width of EBRG 872; P 3 and M 3 widths of EBRG 1241; intermandibular width of EBRG 1248 and EBRG 2219; body height, jaw length, and intermandibular width of EBRG 22209) with the mean for the respective variable. Calculations were made using SPSS for Windows, version 6.1.
Before performing the PCA, we obtained the mean of each variable within each geographic-age-sex group. In this manner, we created a table in which each group is characterized by its means for the 15 continuous mandibular variables. To give equal importance to all variables, we standardized the means of each variable across groups dividing each mean by the standard deviation of means (Pielou 1984) . In this standardization, we used δ n instead of δ n-1 because in this case, using the standard deviation is a simple procedure for transforming units, and is not an estimation issue. To center each new standardized variable, we subtracted the average of the means. We performed the PCA on the correlation matrix among variables, using the components so obtained to ordinate groups.
When a PCA is performed on phenetic variables (e.g., cranial and body measurements), the first principal component summarizes size relationships, whereas subsequent components summarize shape relationships (Morrison 1976; Bookstein et al. 1985; Rohlf and Bookstein 1987; Lim and Wilson 1993) . In the PCA on continuous mandibular variables, we extracted eight components that explained nearly 98% of the total variance. To take advantage of the capacity of the PCA to dissect size and shape, we prepared two separate diagrams: one based on the first principal component, intended to summarize size, and another based on the second to eighth components, intended to summarize shape. In the latter case, we avoided the complexity of plotting on seven dimensions by performing a cluster analysis of groups, using as variables their scores on the last seven components. As in the cluster analysis of discrete cranial-mandibular characters, we used Euclidean distances and average linkage.
Results

Discrete cranial-mandibular characters
Clustering of allopatric groups of North American and Venezuelan deer on the basis of the 13 cranial-mandibular characters ( Fig. 2) reveals that (i) Venezuelan Odocoileus constitute a very divergent group with respect to North American O. virginianus; (ii) in spite of the fact that the geographic distances separating the Venezuelan forms of Odocoileus are much smaller, they show greater differentiation than North American forms of O. virginianus; (iii) within Venezuelan Odocoileus, the most differentiated group is that on Margarita Island, followed closely by that on the Mérida Andean highlands, and more distantly by that on the Caribbean coast; and (iv) Odocoileus from the states of Bolívar, the Llanos, and Apure form a homogeneous grouping, within which only the group from the state of Apure is slightly detached. Table 1 shows that (i) North American O. virginianus differ markedly from Venezuelan Odocoileus in the presence of a mylohyoid arch (≤ 28 and ≥ 38%, respectively), a hypoconulid spur (≤ 3 vs. 100%), nasopremaxillary contact (≥ 16 vs. ≤ 13%), pterygopalatine dehiscence (≤ 88 vs. 100%), and posterior palatine foramina (≤ 41 vs. 100%); (ii) the Margaritan Odocoileus differs from the rest of the Venezuelan congeners mainly in the presence of a mylohyoid arch (38 vs. ≥ 83%), nasopremaxillary contact (13 vs. ≤8%), and a supraorbital bridge (12 vs. ≥62%); (iii) the Mérida Andean Odocoileus differs from the rest of the mainland Venezuelan congeners most notably in the presence of a posterior mental foramen (0 vs. ≥ 39%) and a gabled nasion (89 vs. ≤38%); and (iv) the Caribbean coast Odocoileus differs from congeners from the states of Bolívar, Llanos, and Apure in the presence of a posterior mental foramen (87 vs. ≤63%), parietal foramen (75 vs. ≤63%), supraglenoid foramen (75 vs. ≤61%), and emissary sphenoidal foramen (87 vs. ≥97%).
Continuous mandibular variables
Size analysis
The 15 continuous mandibular variables for the 25 geographic-age-sex groups of Venezuelan Odocoileus (Tables 2-5) indicate an ordering of most values from high to low in the following sequence: Caribbean coast, western Llanos, eastern Llanos, Bolívar, Apure, and Margarita Island. The sample from the Mérida Andes is the only one that does not fit into this sequence: some variables are closer to extreme large size and some to extreme small size. For example, intermandibular width alone would make this Odocoileus the largest in Venezuela, whereas body width alone would make it the smallest.
We used the means of the variables of each of the 25 groups (Tables 2-5) for the PCA shown in Figs. 2 and 3 .
The diagram representing the first principal component (Fig. 3) , which accounted for 68.5% of variance, is a comparison of general mandibular sizes. This is a linear combination of all continuous variables, and is thus more representative of overall mandibular size than individual variables. There are large differences among groups: (i) the one with the largest body size, scoring near +30, is older adult males from the Caribbean coast; (ii) the one with the smallest body size, scoring less than -20, is younger adult females from Margarita Island; (iii) older adult males from Mérida, older adult females from Mérida, and older adult females from the eastern Llanos are almost exactly of average size. In addition, (iv) sexual dimorphism in mandibular size is far more marked in the groups from the Caribbean coast, the Llanos, and Margarita Island than in the groups from Bolívar, Mérida, and Apure.
Shape analysis
With the size factor segregated in the first component (Fig. 3) , the remaining components represent the contribution of shape. We summarized such aspects in two clusters (Fig. 4) in which younger adults were separated from older adults in order to exclude shape differences due to age. Both clusters are based on the scores of the groups on the second to eighth components of a single PCA, which collectively accounted for 29.1% of the variance (individually, variance accounted for by these components was as follows: second, 11.1%; third, 6.4%; fourth, 3.7%; fifth, 2.6%; sixth, 2.1%; seventh, 1.9%; eighth, 1.3%). These clusters (Fig. 4) indicate that (i) among-group separations are noticeably larger within older adults than within younger adults. For this reason, the cluster for older adults is likely to be the best one for elucidating patterns of geographic differentiation and sexual dimorphism; (ii) the clusters join groups of a same sex irrespective of geographic origin. Exceptions are groups from Apure (older adults), and Bolívar (younger adults), in which males and females are in neighboring branches separated by a short distance, and Mérida (older adults), in which males and females are also in neighboring branches although separated by a long distance. Groups from Apure and Bolívar were also those showing the least sexual dimorphism in size (Fig. 3) , indicating a direct relationship between sexual dimorphism in size and shape. In contrast, in Mérida a small degree of sexual dimorphism in size (as in groups from Apure and Bolívar; Fig. 3 ) is accompanied by a large degree of sexual dimorphism in shape (as in the Llanos ; Fig. 4) ; (iii) regardless of age and sex, both clusters show the groups from Mérida to be by far the most divergent in shape from other geographic groups. On the whole, the groups from the Caribbean coast are second to those from Mérida in shape divergence from other geographic groups.
All continuous mandibular variables had medium to high positive loadings (0.572-0.960) in the first component (Fig. 3) body width (0.623), and intermandibular width (0.633) were the variables loading closest to zero in the first component (the rest loaded ≥0.776), and farthest from zero in one or more subsequent components (Fig. 4) , particularly in the second (body width = 0.704, intermandibular width = -0.510), third (diastema width = 0.699), and fourth (intermandibular width = 0.477). Therefore, these variables are the most important ones in determining differences in mandibular shape among Venezuelan Odocoileus.
Discussion
Venezuelan Odocoileus vs. North American O. virginianus Discrete cranial-mandibular characters are relevant to the old debate concerning whether South American Odocoileus are conspecific with O. virginianus (Lydekker 1915; Hershkovitz 1948; Cabrera 1961; Brokx 1984; Smith 1991) or not (Cabrera 1918; Méndez-Arocha 1955; Cabrera and Yepes 1960) . The large differences in these characters between Venezuelan and North American forms (Table 1, Fig. 2) , and the fact that South American Odocoileus do differ from North American O. virginianus in lacking a metatarsal gland (Méndez-Arocha 1955; Hershkovitz 1958; Brokx 1972; Baker 1984) , fail to support the hypothesis of conspecificity.
A close taxonomic relationship has been postulated between Odocoileus in some regions of Venezuela and adjacent countries, e.g., Mérida with the Colombian Andes, Apure with the Colombian Llanos, and Bolívar with Guianas and northern Brazil (Cabrera 1961; Brokx 1984; and Smith 1991) . A close zoogeographic relationship exists between Central America and some South American regions. For example, Central America, Colombia west of the Eastern Cordillera, and the Lake of Maracaibo basin in Venezuela share, among many other faunal elements, a capybara (Hydrochaeris isthmius), an anteater (Tamandua mexicana), an armadillo (Cabassous centralis), a porcupine (Coendou bicolor), and an agouti (Dasyprocta punctata), which are replaced east of the Andes by endemic South American congeners (Hydrochaeris hydrochaeris, Tamandua tetradactyla, Cabassous unicinctus, Coendou prehensilis, Dasyprocta leporina) . On the basis of these relationships, it is reasonable to expect other South and Central American Odocoileus to be similar to their Venezuelan congeners in the cranial-mandibular traits that differentiate them from North American O. virginianus.
Margarita Island deer
Regarding Margaritan deer, Méndez-Arocha (1955) wrote "With respect to this form and that of Curaçao, the differences with the adjacent Mainland deer are of very little importance, a fact that might be explained by the trafficking of captive animals often taking place. Thus, without dealing specifically with this question, the possibility must be advanced that such names (margaritae and curassavicus) be invalidated" [in Spanish]. Our results contradict this point of view and reinforce Osgood's (1910) argument justifying his description of O. margaritae as a separate species. With regard to discrete cranial-mandibular characters (Fig. 2) , the degree of differentiation of Margaritan deer from other Venezuelan congeners is higher than that between North American O. virginianus inhabiting such distant regions as Ontario and Arizona. In addition, other cephalic characters not used in Fig. 2 differentiate Margaritan deer from other Venezuelan Odocoileus. These include (i) the frontal bones abruptly elevated, forming a strong ridge medially; (ii) a very simple suture between the lacrimal and frontal bones; (iii) the middle part of the parietals with a bulging region, and the posterior part of the parietals with an ample porous region with two forward and two backward tapering extensions; (iv) the pterygopalatine dehiscence smaller and in a lower position; and (v) antlers very rugose, except in the points.
Barring the Mérida Andean form, there is not a sharp difference in mandibular shape between Margaritan and mainland Odocoileus (Fig. 4) . Also, sexual dimorphism in mandibular shape is similar to that of deer from lowlands to the north of Apure and Orinoco rivers. However, the Margaritan deer is distinctive in possessing the smallest mandibles of all Venezuelan Odocoileus (Fig. 3) small head and a diminutive body (see the description below and measurements given by Osgood 1910). This is most striking when a comparison is made with its close geographic neighbor, the Caribbean coast deer (we examined specimens from Chacopata, 25 km from Margarita Island), which is, in fact, the Venezuelan Odocoileus possessing the largest mandibles, and hence the largest head and presumably the most massive body. It is important to note that the amplitude of the size differences between these neighboring deer may have been an impediment to cross-mating if their populations came into contact over the land bridge connecting Margarita Island to the mainland during glaciations. Osgood (1910) left us an excellent description of a single specimen of the Margaritan deer. We observed an adult female captive Margarita Island, noting external characters in agreement with those given by Osgood. In general appearance this animal was unlike any other Venezuelan deer that we have seen: the height at the rump was only about 50 cm; the head was narrow, convex, and elevated in profile; the muzzle, neck, and limbs were very thin; and the pelage was short, brilliant, and compacted to the body.
Mérida Andean deer
Without offering taxonomic proof, Brokx (1984) postulated that the Mérida Andean Odocoileus is closely related to lowland congeners from around the Lake of Maracaibo and the Caribbean coastal fringe of Venezuela. Brokx even conjectured that there is a kinship between all these deer and those of the islands of Curaçao and Margarita, based on some shared color tones in the dorsal pelage. Our results contradict these notions and support Osgood's (1914) argument that O. lasiotis is a separate species. Discrete cranialmandibular characters (Fig. 2) make the Mérida Andean Odocoileus almost as distinctive from the remaining mainland congeners as the Margaritan deer. In addition, other cephalic characters not used in Fig. 2 (iii) pedicels serving as the base for antlers more anteriorly directed than in other Venezuelan deer; and (iv) robust and quite smooth antlers, with tips pointing forward. Continuous mandibular variables (Fig. 3 ) make the Mérida Andean Odocoileus medium-sized. However, this deer is by far the most distinctive among the Venezuelan congeners in shape (Fig. 4) . Sexual dimorphism in size is low and of similar magnitude to that found south of the Apure and Orinoco rivers (Fig. 3) . However, the Mérida Andean deer is unique among Venezuelan Odocoileus in combining reduced sexual dimorphism in size with marked sexual dimorphism in shape (Figs. 3 and 4) . Osgood's (1914) description of the Mérida Andean deer as O. lasiotis was based on a single male specimen. He characterized it as medium-sized, which agrees with our results (Fig. 3) . During fieldwork we observed considerable uniformity in external appearance, indicating that Osgood's detailed description is applicable to most specimens. The Mérida deer looks very different from its Venezuelan congeners: a conspicuous blackish mask covers most of the frontal region, the coloration is dominated by intense gray (as opposed to tawny or ochraceous), the head is massive, the limbs are short and strong, and the body is robust, with the back relatively straight in profile (as opposed to delicate head and limbs, and the back arched posteriorly).
Caribbean coast deer
We have already noted that, contradicting Brokx (1984) , our data (Table 1, Fig. 2 ) indicate that the Caribbean coast Odocoileus has a closer relationship to deer from Bolívar, the Llanos, and Apure than to deer from the Mérida Andes. However, the Caribbean coast Odocoileus is quite different from the former congeners in the frequency of four discrete characters. In addition, this deer is the Venezuelan Odocoileus, which has the most posteriorly directed antlers.
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7.8-8.9 0.8 7.5 6.7-8.4 1.3 8.5 7.7-9.1 0.9 7.8 7.7-7.8 0.2 9.7 9.2-10.2 0.7 9.9 9.3-10.5 1.0 9.9 9.0-11.0 1.1 9.1 8.8-9.4 0.8 9.9 9.1-10.5 1.0 9.8 9.4-10.1 0.7 10.0 9.1-11.1 1.1 9.4 9.0-9. specimens from Chacopata (state of Sucre) do show a robust, almost bovine, external appearance. However, from the point of view of continuous mandibular characters, size is the main distinctive feature of the Caribbean coast deer, because the correlation between sexual dimorphism in size and in shape makes no difference with respect to Odocoileus from the western and eastern Llanos. The number of museum specimens of Caribbean coast deer available was very small. We do not believe that this limitation casts doubt on the distinctiveness of this deer in the terms discussed above. However, the small sample size precludes determining whether there is any clinal or discontinuous geographic variation. We anticipate that there may be differences between the Caribbean coast deer of northwestern and northeastern Venezuela (Fig. 1) . Brokx (1972 Brokx ( , 1984 postulated that the Apure deer is a subspecies, which he referred to as O. v. apurensis. Because this form was never formally described, apurensis lacks taxonomic validity. However, Brokx's action leads us to question whether this deer deserves subspecific status. Our results on discrete cranial-mandibular characters (Table 1 , Fig. 2) do not support this, because the Apure deer appears to be tightly clustered with congeners from Bolívar and the Llanos. Nevertheless, continuous mandibular characters do indicate two groupings, which might eventually prove worthy of taxonomic recognition if additional characters are found: (1) deer living to the north of the Orinoco and Apure rivers (Fig. 1) , which are larger and show marked sexual dimorphism in mandibular size and shape, and (2) south of these rivers, which are smaller and show little sexual dimorphism in mandibular size and shape.
Bolívar, Llanos, and Apure deer
Taxonomic propositions
The differences that we found in discrete cranial-mandibular characters between Venezuelan and North American Odocoileus, and the fact that erroneous assumptions about variability in a gland led to subordination of South American forms of Odocoileus to subspecies of O. virginianus (Cabrera 1961) , lead us to propose the resurrection of the old taxonomy that recognized South and North American Odocoileus as different species.
Interestingly, all Venezuelan Odocoileus clustered together, suggesting that these deer have a common origin separate from North American congeners. Extending this reasoning, it seems likely that all South American Odocoileus are the result of a single migration from Central America. In spite of clustering together, Venezuelan Odocoileus exhibit sharply defined differences among groups. These differences are remarkable because they are of similar magnitude to those among O. virginianus from North America, in spite of the fact that Venezuela is only 1.3 times the area of the state of Texas. A large morphological change over a small area usually indicates speciation. This kind of change is exemplified by Venezuelan Odocoileus, in which distribution limits between the of the Mérida Andes and western Llanos forms span only 5-10 km (separated by cloud forest, the former may wander to as low as 2800 m, and the latter may live as high as 1600 m). In our opinion, the best taxonomic interpretation of these abrupt transitions is that both the Bolívar (n = 9) Mérida Andes (n = 4) Apure (n = 5) Margarita Island (n = 1) Margaritan and the Mérida Andean deer differ at the species level from the rest of Venezuelan Odocoileus. In the case of the Caribbean coast deer, there is a possibility of genetic intergradation with congeners from the Llanos. However, this deer has distinctive characters which suggest that it is different, at least subspecifically. For the Apure deer, the characters included in our analysis, and the absence of any geographic (other than the Apure River) or ecological barrier separating it from congeners inhabiting the western Llanos, do not support Brokx's (1972 Brokx's ( , 1984 contention that it should be considered a separate subspecies. Any future study on the subspecific status of the Apure deer will have to involve new characters, and consider (i) whether its similarity in size and reduced sexual dimorphism to the Bolívar deer reflects a taxonomic relationship; (ii) the role of the Apure and Orinoco rivers as barriers to the dispersal of deer.
Logically, the above arguments must lead to a proposal that changes in nomenclature be made. The oldest name available for South and Central American white-tailed deer is O. cariacou (Boddaert, 1784) , whose type locality is Guianas and Brazil (Cabrera 1961) . This is likely to be the correct (Table 1). name for all lowland and continental Odocoileus in South America (including those of the continental Venezuelan lowlands), and also of the Odocoileus of Central America north to the coastal fringes of southern Mexico.
The only name available for the Margaritan deer is O. margaritae Osgood, 1910 . Because its separation from mainland congeners is similar to that of the Margaritan deer, we also favor recognizing the Curaçao deer as a full species, O. curassavicus Hummelinck, 1940 .
The case of the Odocoileus from the Mérida Andes is complex. Names to consider are goudotii (Gay and Gervais, 1846), type locality the highlands of Colombia; peruvianus (Gray, 1874), type locality the Peruvian Andes; columbicus (Fitzinger, 1879), type locality Colombia; ustus Trouessart, 1910, type locality Ecuador at 4100 m elevation; lasiotis Osgood 1914 , type locality at ca. 3000 m elevation, Mérida, Venezuela. Applying any of these names, except lasiotis, implies regarding the deer from Mérida and from the Andes south of Venezuela as conspecific. Although we agree that all of these gray deer must be more related to each other than to any lowland congener, lacking proof of conspecificity we tentatively regard the Mérida deer as a separate species, for which O. lasiotis is thus the correct name. This means that Andean deer found south of Venezuela would also have to be deemed one or more full species (we provisionally recognize O. goudotii and O. peruvianus). Separating lasiotis from goudotii at species level makes biogeographic sense considering that there is a 150-km gap between Odocoileus inhabited páramos in Mérida and Colombia. Moreover, we believe that these páramos have never been in contact because of their separation by the predominantly arid Táchira depression, which consists of valleys 60 km wide and 960 m deep (Vuilleumier and Ewert 1978; Monasterio and Reyes 1981; Cuatrecasas 1986; La Marca 1997) : no doubt, glaciations brought Mérida and Colombian páramos closer, but the dryness of glacial climates must also have broadened the strip of xerophytic vegetation lying between them. In addition, two other parallelisms indicate that the Mérida deer are as likely as the Margaritan deer to be a full species. First, isolation of the two deer must be equally old because a lowering of the sea level leading to the formation of a land bridge between Margarita Island and the mainland and the descent of life zones, bringing the páramos closer, necessarily occurred simultaneously during glaciations. Second, both Mérida and Margaritan deer occupy small and isolated ranges, thus they must have been similarly exposed to evolutionary factors that typically affect small and segregated populations.
Regarding the Caribbean coast Odocoileus, we must say that there is, apparently, no previous name available. This deer could prove to represent one or two unrecognized subspecies of cariacou whose description must await new information, especially from additional museum specimens.
South American deer (6 genera, 13 species; following the previous taxonomy, which considers Odocoileus to be a single species) are more diverse than North American deer (4 genera, 5 species). Furthermore, all South American deer are Odocoilinae, indicating that this subfamily has undergone remarkable diversification in South America. Therefore, it should not be surprising to find that the genus Odocoileus has more species in South America than in North America.
Conservation issues
Venezuelan law recognizes the Margaritan and Mérida Andean Odocoileus as endangered subspecies, and has established an indefinite ban on hunting them (Méndez-Arocha and Quero 1991). However, the law is seldom enforced, and poaching of these deer is practiced freely. In the case of Margarita Island, destruction of natural habitats because of the increase in the human population and the development of tourism aggravates the problem. We believe that, given the critically small size of its population and continued poaching, the only hope for the Margaritan deer is the immediate implementation of a captive breeding program. Otherwise, this distinctive small deer will soon follow the tragic destiny of the congeners that once inhabited the Venezuelan islands of Coche and probably Cubagua, which became extinct without even being known to science. In the case of the Mérida Andes, the fact that most surviving deer live within the boundaries of two large national parks (Sierra Nevada and Sierra de La Culata) makes habitat loss less critical. However, the Mérida Andean deer suffers from poaching, from competition with cattle, horses, and sheep, and especially from intense predation by feral dogs, which in the Mucubají region alone may be killing at least one deer weekly. Although a captive breeding program would help the Mérida Andean deer, especially if it is to be reintroduced in páramo regions from which it has already disappeared, the must urgent step to be taken is to control artificial mortality factors within national parks.
The Caribbean coast Odocoileus is also quite distinct, possibly representing at least one undescribed subspecies. Its current conservation status is undetermined. The scarcity of museum specimens, in spite of the fact that this deer lives in a region easily accessible to scientific collectors, and the dense human population living in this region seem to indicate that it is also rare and endangered.
